An inversion-based implicitization method by Emiris, Ioannis, & Sendra, J. rafael
An inversion-based implicitization method
Ioannis Emiris, J.rafael Sendra
To cite this version:
Ioannis Emiris, J.rafael Sendra. An inversion-based implicitization method. RR-4484, INRIA.
2002. <inria-00072104>
HAL Id: inria-00072104
https://hal.inria.fr/inria-00072104
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--4
48
4-
-F
R+
EN
G
ap por t  

de  r ech er ch e 
THÈME 2
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
An inversion-based implicitization method
Ioannis Emiris — J. Rafael Sendra
N° 4484
Juin 2002
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, BP 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65
 	
	ﬀﬂﬁﬃ !#"$%&'"()&"*+,
-/.1032$2$46587	9:46;<465>=@?ACB80EDF0EGIHKJGL2$M$;<0ON
P!QSRﬀTVU	WYX(Z\[ﬀ]S^_Ua`cbedL^cf^_Uﬀ`
Ughfij`kfl`nmFopTYq3be`c^krLlU
sCtubevwUgxZ'ij`kieiLy
zKie{S{3betugySU\t|Uﬀf#QUt#f#QSU}]3~LLjXjlS^c]WjeIW'XV{ijdLUﬀm
8ŁﬀSee
P!QS^cmh{ij{3Uth{StubL{EbImFU<mi]SUTUg|QSbybetK^cT{S`c^cf^g|^_ﬀ^_]Sd8mFlStu6iefUﬀmdL^_LU]qpoi{St|be{3Ut
t#ig|^_bL]ij`{Eijt#ijTUg|tu^cﬀijgu^cbe]YT,ie{S{S^c]SdLlS]yUﬀtCguQUhiem|mFlTV{Sgu^cbe]VguQijgguQSUh^_]peUﬀt|muU!T,ij{S{S^c]Sd	QEiemq3UUﬀ]
fbeT{Slg|Uﬀy1&P!QSUYiLyij]Ig|iedeU\bj$guQSUYTVUguQSby^kmguQEigK^_gxfie]QEij]y`cU	qiLmFU'{3be^c]Ig|mhie]y^gx^cmt|UﬀiLy^c`_o
dLU]SUﬀt|ie`_^cﬀieqS`cUYg|b>QpoI{3Ut#mulStF6iLfU<mx^c]:ijt|qS^_gut#ijt|o>y^cTVUﬀ]mu^_bL]nbet|UbeUﬀtﬀg|QSU+fbeT{Slg#igu^cbe]Eij`$gubpbL`cm
t|UﬀrIlS^ct|UﬀyVijt|U!Z	& be{3Ut#igu^cbe]Emie]yg|ie¡I^c]Sd\guQUKmurIlietuU¢£t|UU&{ijtugbj1i\{EbL`_op]SbLTV^kij`¤$¥K`_guUt|]ijgu^ceU`coe
bL]SU'T,i¦o§UT{S`cbo,6iefgubLtu^cﬀijgu^cbe]n
¨©Iª«|¬Y­
®Łe
^cT{S`c^cf^g|^_<igu^cbe]S{ijt#ijTUgut|^cf\mFltF6iLfUe^c]peUﬀt|mu^_bL]
¯±°²<³£´µ¦¶C·a¸|³¤¹wºK¸|³£»½¼F¸#¾u¿ÀÁ¦» Â¶wÃ£¾£»½µ¸#µ\µ<¶ÄÅ½¼F¸#ÅÇÆ<¿ÈSÉÊ/Ë/ËÌﬀÍ@·a¸#µ¦Ã6»½µI¿jÎﬀ²¦¸#»½ÁIÏ3ÐÑ#ÒÑ/ÓÔpÕ6Ö|Ó|×Ø/ÐÑ/Ù|ÚÑ|ÛÕÜÓÖ
 8 &"*8,8 Fﬀﬂﬁﬃ !#"$a"Y 8Y 8
 ﬃF	
Y
	
 Ł 
   belma{tubL{EbImFbL]m'lS]SU,T[g|QSbyU§{3belStY` ^_T{S`c^kf^_gu^kmuijgu^cbe]:yU<m	mFltF6iLfUﬀmayS[]S^cUﬀmY{ijt
l]SU{Eijt#ijT[g|tu^kmuijgu^cbe]t#igu^cbe]U`c`_U	{tubL{StuUL1mFbLlmK` Qpop{3bjguQRﬀmuUVrIlSU` ^_]pLUt#mFUYySU`ki§{iet|ieT[gut|^kmuijgu^cbe]
U<mwgy^kmF{3be]S^cqS`cUe i¦ie]Lg#ijdLU>yU `ki:T[g|QSbyU U<mwgrIl Uﬀ`_`cU {3UlSg+gut#ij^_guUﬀt+`cUﬀm8{EbL^_]Ig#m+qiLmFU Ug8U<mwg
dL[]S[ﬀt|ie`_^km|ijqS`cUxy^ct|Uﬀf/g|UTU]Igijlﬀ8QIop{3Ut#mFltF6iLfUﬀm±U]y^cTU]mu^_bL]ietuq^g|t|ie^_t|UeﬁnU<m±bLlgu^c`km!tuU<rLl^cm&{3belSt
mube] fie`cflS`@mube]Iga`_U<mabe{3[t#ig|^_bL]m'yU§s@Z	& UgY`kiy[ﬀfbeT{EbImF^_gu^cbe] yﬂ lS] {3be`coI]ﬃeTU,muie]m'6iefguUﬀlSt|m
fﬀijt|tu[<m$xUaTie]S^cRt|U'ie`g|Ut|]ig|^_LUepbe]{3UlgK{iLmumuUt{Eijt!lS]SU'6iLf/gubLtu^km|igu^cbe]
 ­ <Ł « "! 
 Ł ^cTV{`_^kf^_gu^kmuijgu^cbe]nSmulStu6iefU\{Eijt#ijT[g|tu^krIlSUep^c]ILUt#mF^cbe]
 	
	
ﬀﬂﬁﬃ

 !
#"$ %
 &
' (
Y"
, + @"
P!QUx^cT{S`_^kf^_gu^cﬀijgu^cbe]bj$iY{iet|ieTUgut|^kfhmulStF6iLfU\^cmie]+^cT{EbLtFg#ij]Ig&{tubLqS`_UﬀT ^_]>&¥h ij]y+deUbLTUgut|^kf
TbyUﬀ`_^c]Sd±Uﬀmu{EU<f^kij`c`_o ^c]OguQSU{St|UﬀmuU]EfUbjxqEiemuU8{3be^c]Ig|mﬀ*)hUt|U8&U{StubL{EbImFUi ]SU TVUguQSby bet
^cT{S`c^cf^g|^_ﬀ^_]Sd mulStu6iefU<mVde^ceU]Oqpo:i {St|be{3Ut{iet|ieTUgut|^cﬀig|^_bL]:T,ij{S{^_]SdE@lS]EyUtVguQU>iem|mFlST{g|^_bL]
g|QigguQU&^c]peUﬀt|muU@T,ij{{S^_]dxQiLmqEUﬀU]fbeT{SlSguUﬀynP!QS^km^cmi\mFgut|be]Sd\iem|mFlST{g|^_bL]njij`_guQbelSdLQYU+§f^_Uﬀ]Lg
TUguQSbySm!bLt^_]pLUt#mF^cbe]§U ^cmFg-,6muUU/.Ç±QEZ\b10IWpsC3242IW576/
P!QSUxieyij]Ig#ijdeU&bjg|QSUTUguQbpy^km$g|Qig@^_g±fﬀij]VQij]yS`_UKqEiemuU&{3be^c]Ig|mCie]y^_gC^cmt|UﬀiLy^c`_odeU]Ut#ij`c^_¢
ieqS`cUgubxQIop{3Ut#mFltF6iLfUﬀmnbjijt|qS^_gut#ijt|oxy^cTU]mu^cbe]n$bet|UbLUt<guQU±fbLT{Slg|ijgu^cbe]ie`eg|bpbe`kmnt|UﬀrIlS^ctuU<yaijt|U
l]S^_ietu^kig|Ut|UﬀmulS`_g|ij]Ig#mZ	& be{3Ut#igu^cbe]Em\ie]yfbeT{SlSgu^c]SdguQSU§m|rIlijt|U¢¤tuUﬀUY{ietFgabe±{3be`coI]beT^cie`cm
^c]8&V¦ietu^kijq`_U<m
P!QS^km&{ij{3Ut!^km&bet|dLij]^_ﬀUﬀy,iem±bL`_`cbKm$P!QSU\]SUpgmFU<f/g|^_bL]+U{ie]ySm±be]8tuUﬀ`cijguUﬀy§±bLtu¡92pUﬀfgu^cbe]:&
ySUﬀm|ft|^_q3Uﬀm&g|QSUa{ijt#ijTUgut|^_<igu^cbe]Em&ie]y8guQSUﬀ^_th^_]peUﬀt|muUﬀm&^c]idLU]SUﬀt|ie`nmFUgFg|^_]SdE;2pU<f/gu^cbe],yUg|ij^c`kmbelSt
ie{S{St|bLiLf#Q8g|b+^cT{S`_^kf^_gu^cﬀijgu^cbe] bj@ijt|qS^_gut#ijt|oI¢ y^cTU]mu^cbe]ie`1QIop{3Ut#mFltF6iLfUﬀmﬀﬀ2pU<f/g|^_bL]=<,{St|UﬀmuU]Ig#mhij]Ey
ie]ij`copU<mnbelt$ie`_dLbet|^g|QST betguQSt|UU¢ yS^_TU]EmF^cbe]ie`ImulStu6iefUﬀmﬀ<QUt|UﬀiemguQU@bL`_`cb^_]dxmuUﬀf/g|^_bL]fbe]Ig|ie^_]m
muULUt#ij`3USijT{S`cUﬀm!mFgulyS^_U<y+^_guQ>ie{S`_UL?> UafbL]f`clyU'^_guQUpguUﬀ]mu^_bL]m&bjbLlSt!tuU<mFl`g#mij]ymFbLTU
bL{EUﬀ]rIlSU<mwg|^_bL]mﬀ^_]muUﬀf/g|^_bL]8@
A B
Kﬃ'"DC 	
FE
2UeUﬀt|ie`Eie`_dLbet|^g|QST,mCU^kmwg&bet&^cTV{`_^kf^_gu^cﬀijgu^cbe]nSfwIUL dEﬂ. ¥ﬀ2SSe!ZHGLpI)Kbj610SJ)ﬀ2J>K0J@p42SZ'L0M@5¤
P!QU+T,ij^c]:Tbjg|^_ig|^_bL] fbL]fUﬀtu]EmH&¢ y^cTVUﬀ]mu^_bL]ij`&mFlStu6iefUﬀmﬀ$QS^cf#QOijt|U§lSqS^krIlS^g|belm^c] &¥hij]Ey
dLUbLTVUgut|^cf!TbyUﬀ`_^c]Sd

be]SUguQSUﬀ`_U<mumﬀeg|QSUh^cT{S`c^cf^g|^_<igu^cbe],{tubLqS`_UﬀT ie`cmubYie{S{EU<ijt#m^c]§QS^cdeQSUﬀt±y^cTU]¢
mu^cbe]mﬀUe d^c]guQSU	fbeT{Slg#igu^cbe]bj?N¢ y^kmuftu^cT^_]ie]Ig|m$OSf/wP.½Z3Q-GR0jEf#Qn&S 05 
Sx^_p^ky>^c]Lg|Ut|UﬀmFgh^kmxmuQSb]bethguQSUVfiLmFU	beCqiemuU	{3be^c]Ig|mﬀ3QUt|UYmwg|t|ie^_dLQIgFbet|!ijt#y+TUg|QSbySmh6ij^c`%O
g|QSU,{St|beqS`cUT Qiem'q3UUﬀ] iLySyt|Uﬀm|mFU<y T,ie^_]S`co>qpo TU<ij]m'be&t|UﬀmulS`_g|ij]Iga{3UtugulSt|qig|^_bL]mﬀ1guQSU,t|Uﬀmu^kylij`
t|UﬀmulS`_g|ie]Lg<Iie]y

U!g|be]+mulST,m3,6f/wpUL dEﬂ. T&lmujSZLSﬀ0J@IS U0LWV576/bLt@qpo,TUﬀie]m@beZ\tWLqS]SUﬀt±qiLmFU<m
bet|U\t|UﬀfU]Igu`coeSguQSUﬀtuUYietuU'Tbet|U'guU<f#QS]S^krIlSUﬀm{tubL{EbImFU<y+^c]guQS^kmKybLT,ij^c]nqSlSgKguQSUﬀ^_txfbeT{S`cUg|UaU]pl¢
TUﬀt|ijgu^cbe]debpUﬀm'q3UoLbe]y belSt	m|fbL{EU1Og|QSU§^c]IguUt|UﬀmFguU<y t|UﬀiLyUt'T,i¦o muUUg|QSU§ibLtuUﬀTVUﬀ]Igu^cbe]SU<y &bet|¡m
ie]y+guQSUat|UUﬀtuUﬀ]fU<m@g|QSUt|Ubew
±bLTV{lgu^c]Sd g|QSU^_]pLUt#mFUbjai {iet|ieTVUgut|^_<ig|^_bL] T,ij{ QiLmqEUﬀU] mFgulyS^_U<y ^_]X. sCL22LW5¤ZY g|m
fbeT{Slg#ig|^_bL]ij`KmFguUﬀ{m§ijt|UtuU<mFl`g#ij]Ig|mﬀ!Z	& be{3Ut#ig|^_bL]mij]y i Uﬀtubg|UﬀmFg§bet,Uﬀ`_UﬀTVUﬀ]Ig|m,^c] guQSU
EU`ky bjht#ig|^_bL]ij`@lS]fgu^cbe]mVbjg|QSUQIop{3Ut#mFltF6iLfUeP!QS^kmY`kiemFgVfbeT{Slg#igu^cbe]Ofij] qEUfietut|^_U<y belg
Uﬀ^g|QSUtYqIo ±bLtu¡p^c]SdTVbyl`_bg|QSU,^_T{S`c^kf^_gYUﬀrIlijgu^cbe]betaqpo mulSqmFgu^_gulg|^_]dguQSU,{Eijt#ijTUg|tu^cﬀijgu^cbe] be
g|QSU&QIop{3Ut#mFltF6iLfUe9[xqpI^cbelEmF`coemu^_]fU±bLlSt$debIij`I^cmgub'fbLT{SlguU±guQU&^cT{S`c^cf^gUﬀrIlijgu^cbe]n^c]guQS^km{ij{3Ut
&U'fbe]EmF^kyUt±guQEig!guQSU'ﬀUt|b	guU<mwg^km&{EUﬀtFbLtuTUﬀy+lmu^_]SdguQU'muUﬀfbe]y8ij`_guUﬀtu]ijgu^ceULF>UamFQie`_`lmuUamFbLTU
t|UﬀmulS`_g|m&t|beT g|QS^km{ij{3Utq3U`cba
\F\
Á]4^^Ë	^
  U 

  R
 
*8 &"n"ﬀ
>U,mwg#ijtuga^g|Q mubeTU¡p]Sb] t|UﬀmulS`_g|mﬀV¥xmalmulij`¤
	 @ij]y	 Kt|U{tuU<mFUﬀ]Lg<1tuU<mF{3Uﬀfgu^ceUﬀ`_oL1guQSU
{3be`cop]SbeT^kij`3tu^c]SdVij]yt#iefgu^cbe] EU`ky§beUﬀt ﬀﬂﬁﬃﬁﬂﬁﬂ! "|QSUt|U#	^km!i Uﬀ`cy+bjf#Qiet|iLf/g|Ut|^cmFgu^kf
ﬀUt|b
$©&%('*)  )­"',+.-/10F 2J8	4
   3J/4 !
#"V !
54 6!879(3M
:3K ; R   !
Rﬁ 	
<>=?
	
 A@.B"CED
7F9(3I
<*=
 6!GH4 6I:JLKM3I /  
&NO4 6!3
 H
   \{St|be{3Ut 
 P
<*=

 
q^_t#ig|^_bL]ij`;Q7UQRS2I
ﬁ ﬂ %ﬁUTV7>	W 6
 RX	Y4 6>3H
 / Z31
[J
> QSUﬀ]4 6I^km'{St|be{3Ut'±UVT,i¦o fbL]mu^cyUﬀthg|QSU^_]pLUt#mFUVT,ij{S{S^c]Sdbj
< =
nQS^kf#Q ^kmai+t#ig|^_bL]ij`
T,ie{S{S^c]SdiLmumu^cde]S^c]Sd§g|b8U<ief#Q  ^c]i8]Sbe] \IUT{gwobL{EUﬀ] Gietu^kmu¡I^$mulSqmuUgabj
D
g|QSU,fbet|t|Uﬀmu{EbL]y^c]Sd
{Eijt#ijTUg|Ut&eUﬀfgubLt&^c]L	
 I@M
?> Ua^c`_`tuUUt&gubVguQUa^_]peUﬀt|muU\Tie{S{S^c]Sdbj
< =
iem&g|QSUa^c]ILUt#mFUxbjguQSU
{Eijt#ijTUg|tu^cﬀijgu^cbe]^4 6I|3ie]y&U	^_`c`ySU]SbeguU	^_ghqpo`_bLta4
@M
!¥h`cmubbet\mF^cT{S`_^kf^_gwoeE±UY^_`c`yb
]bjgCy^kmwg|^_]SdLlS^kmFQq3Ugw&UU]guQU{ijt#ijTUg|tu^cﬀijgu^cbe]Vij]yYguQSU^c]ylEfUﬀyVt#ig|^_bL]ij`T,ij{eij]yV&U!^_`c`St|UUt
g|b
<*=
iLm&guQSUat#ig|^_bL]ij`T,ij{S{^_]Sdb4§
P!QSU^c]peUﬀt|muU±T,ie{S{S^c]SdaQiemg|QSU{St|be{3UtugwoaguQEigc4d_e 8( gfOh]ibj bLtCij`cTbLmFgie`_` k`	
 
,6^£ Ue4d_e   bLt	ij`cTbLmFgaie`_` lk
D
6/$ij]ym_eY4 6!W 6>bet	ie`_TbLmFg	ij`c` 6mk5	
 A@.

P!QU\]UpgK`_UﬀTTi,muQSbKm±guQEigK^c]86iLf/g!guQUﬀmuU'gw±b{St|be{3Utugu^cUﬀm!f#Qiet|iLf/guUﬀtu^cUxguQUa^_]peUﬀt|muUe
n±©
  
+
-po . s@L242SLW nUTn5c0F >	   ﬁ N1
	ﬁﬁUT8ﬁ#	W;Uﬁ  rq :3I1 
  !
 "$s7
ﬁ  
4
?
	
 A@M
CtDeu
	
 
?
6v68ﬀﬂﬁﬂﬁﬃﬁS6w ]@M[cx
C
Y4WV 6!yﬂﬁﬂﬁﬃﬁﬂ84z  6!
  %
 ﬁII %
#"V !
 rq b3{T	4	Q2IYq1	
D
7;R ﬁ# 
_
?
DvC
	
 A@.
?
ﬀﬂﬁﬂﬁﬃﬁﬂ! "(x
C
|_}V ~ﬃﬁﬂﬁﬂﬁﬃy_ ]@MV ~8
/: !
Rﬁ /Z79(3J  3I/   
  	/8q#_  :R ﬁ#&N    3J 
1ﬁ rq
D
J^K.3J_

 L 3I3
	-rqF4 g4d_e ~*q ﬁ /	 ﬁﬁ k
D
 6b_e4 6!887Iq ﬁﬃ ;ﬁﬁ
6k	
 A@.
J
Y ]ieySyS^g|^_bL]nqEU<mF^kyU<m&guQSU'{St|be{3Utugwob4d_e X8(  betKie`_TbImwgij`c` k
D
&U'beqmuUt|eUhguQijgﬀ
mu^c]fU4 6I\{ijt#ijTUg|tu^cU<m
D
bLtij`cTbLmFgij`c` k	
 
,6]ijTU`co guQSbImFU,bLtYQS^kf#Qm4d_e ~8\^cm
ySU]SU<y6&be]U\QEiem&guQEiga4d_e ~8Gk
D

Y ] guQUmuUﬀrIlSUﬀ`±U^c`_`hiLmumulSTU8guQijg
Du
	
 
^cm,it#igu^cbe]Eij`!QpoI{3Ut#mulStF6iLfUyU]Uﬀy qpo guQSU
{3be`cop]SbeT^kij`.jSie]y8guQijg
4 6Z(
Ł
V 6Z

ﬀ 6!
ﬂﬁﬃﬁﬂﬁS[Ł
  6!

 M 6!s
kL	# 6*
 

^_guQ
Ł!



k`	 6"d{ﬃi
ŁZ



>vFGk&ﬃﬁﬂﬁﬂﬁﬂ8(L^kmiVt|ijgu^cbe]ie`1{ijt#ijTUgut|^_<igu^cbe]+bj
D
CP!QSUﬀ]
bLt\i8{3be`coI]beT^cie`(k	 dQOY4 6!z ^cm\^c]>g|QSU^kyU<ij`$bj
D
j VH>UVmuQie`_`ij`kmub
T,ie¡eUlmFUbehg|QSU U`kyg	
D
	bjxt#ig|^_bL]ij`&lS]Ef/gu^cbe]Em,bj
D
OK^¤ UL	#
D
	^cmVg|QSU>rIlSbjg|^_Uﬀ]Ig EU`kyObe
 Y¡ \. 
Ä
 	
	
ﬀﬂﬁﬃ

 !
#"$ %
 <
	  j/LQUt|U	$t|U{tuU<mFUﬀ]Lg#mCi	{3be`cop]SbeT^kij`E^cyU<ij`¤Cbet|UbLUt<±Uxtu^_guUhguQSUx^_]peUﬀt|muUT,ij{S{^_]Sd
be
4 6!@iLm
_e X( 
N   X

~V X
ﬃﬁﬂﬁﬃﬁﬂ
N  A@M  X

 A@.V ~

k	 
 A@.

^_guQ N




k	  d


+iLmhUﬀ`_UﬀTU]Igx^c] 	#
D
uM&ﬂi%N




 {aak5&ﬃﬁﬂﬁﬂﬁ:
B
ﬀ:,6^£ Uec



kgj bet&UﬀrIlS^c¦ie`_Uﬀ]Igu`co


Y4 6!

M6/Sij]Ey§&U\ie`cmub^c]Igut|bylfUxguQU\]bjg|ijgu^cbe]4d_e ~>
 VﬃﬁﬂﬁﬃﬁﬂX ZFk	 
 
SQSUﬀtuU\g|QSUat|ijgu^cbe]ie`3lS]f/g|^_bL]m

ietuU'^c]tuU<ylfU<y§bLtuTU<y1
 (
)ﬁﬃﬀ !#"%±'"$Y(ﬀﬂﬁﬁ 
+
ﬃ	 &  	
Yﬂ&"
$%&'"Y+
Y ]g|QS^cmmuUﬀfgu^cbe]&U\{tuU<mFUﬀ]LgbLlStij{S{St|bLiLf#Q§g|bV^cT{S`c^cf^g|^_<igu^cbe]S^_]dLU]SUﬀt|ie`yS^_TU]EmF^cbe]n
>UxQEi¦eUhmuUUﬀ],^_]+guQSUx{StuUﬀp^_bLlm@muUﬀfgu^cbe],g|Qig!

  >1

fOh]iOj bLtc{ﬂﬁﬂﬁﬃﬁS8 [xlSt&ij]ie`¢
omu^cmh^_`c`ySU{3U]ybL]QSUg|QSUt"

 ~H

bet#

 ~



3QSUt|Uag|QSUYU<rLlEij`c^gwoij]y^c]SUﬀrIlie`_^_gwo
ietuU\^c]`	 u
$&%
('!
©*)*-/ K.3J 
	/8qH 3J I !
#"V !
468ﬀ6,+ﬀc 6
+

6,-

6,+ﬀ87U8qH 3J/STﬁ 
  
D
7
	 H ﬂ :
_eMV.+{8
-
(
.+


8
-

 
4|_es8/+
-
8> 

+
+

+


.-
+

-

8
-

ﬁ
0 R	:7 
  3M
  	S7& 

ﬀ+

.+s7 S2I 
-
 
-
 ﬁ#/ % 
 	#.].+{8
-
QJ21a2I 7
agﬀ+W1/+ﬀ
-
1
-
-ﬁ#/ % 
	
D
QJ
>U yU]SbeguUqpo4365
u
&ﬃﬁﬂﬁﬂﬁ:( g|QSU mFUgbeij`c`'^_]ySUUﬀmbetQS^kf#Q g|QSU fbet|t|Uﬀmu{EbL]y^c]Sd
fbeT{3be]SUﬀ]Lg7

 ~bj"4d_e ~^kmUﬀrIlie`gub~

ij]Ey98:5 H{{ﬂﬁﬃﬁﬂﬁS(<;=3>5&@?bet@mu^cTV{`_^kf^_gwoY^c]guQSU
g|Ut|T^_]SbL`_bLdeoLI&Ua^c`_`iLmumulSTU\guQijgA365 ^km!bjguQSU'bLtuT {ﬃﬁﬂﬁﬃﬁ:CB&L

bjg|U'guQijgguQS^km`kiemFgfbe]yS^g|^_bL]
ySbIU<m@]bjg±^cT{S`co§i	`cbLm|m@bedeUﬀ]SUt#ij`c^gwoLLmu^_]EfUhbL]SUxfﬀij]ij`c&i¦omCiLf#QS^_UﬀeUK^_g!qIo,iYgut|^_p^kij`E`_^c]SUﬀiet&f#QEij]SdLU
befbIbLt|yS^_]ijguU<m?Y ]8guQS^kmKmu^g|lig|^_bL]nSbe]U\QEiem&guQU'be`c`_b^c]SdV`_UﬀTVT,iLm
n±©
  
)*-poD3
5

H&ﬃﬁﬂﬁﬂﬁﬂ8(AJ
E

­n­/Fy- Ug	lmaiLmumulSTUVguQijg3
5
l{{ﬂﬁﬂﬁﬃﬁS8(In^¤ ULb4d_e ~# 	§Pie¡eUVgw&byS^HGUt|U]IgaU`cU¢
TUﬀ]Lg#m!I"J#k	 mFlEf#Q+g|Qiga4WV 6!>14d_ed68VﬂﬁﬃﬁﬂﬁSy6w A@MsI!8@ie]y4+ 6!( 4|_e68Vﬃﬁﬂﬁﬃﬁﬂ6w ]@MVKJ[8
ietuU,yU ]SU<y1

beguUg|Qigag|QS^cm	^cmaU<rIlS^_ie`_Uﬀ]Lg'g|bguQSU§]be]A\p¦ie]S^kmFQS^c]Sdbj ]S^_guUﬀ`_o Tie]po {3be`coI]beT^¢
ie`cmY^_]5	 Xig " 5LI ij]ym" 5MJOg|Qplm	g|QSUt|U§U p^kmFg|mVi>yU]EmFUmFlSqEmFUgbj 	QSUﬀtuU9I!KJfie]
q3Ug|ie¡eUﬀ]n+bet|UbLUt<3guQSU§f`_bImFlSt|Ubj&guQSU,^cT,ijdLUVbe4WV 6!KU<rLlEij`km\guQSU+f`_bImFltuUVbj&guQSU,^cT,ijdLUVbe
g|QSU^c]vwUﬀfgu^cbe] 61x
C
 6"I!|±QSUﬀ]fU^km,be\y^cTU]mu^_bL]g
B
e!ij]y mF^cT^_`kijt|`co betb4!+ﬀ 6!| P!QSUt|U¢
bLtuULI4WV 6!yr4!+ﬀ 6!±ietuU	t|U{Eijt#ijTUg|tu^cﬀijgu^cbe]m&bj(4 6Zuij]EyguQSUﬀtuUbet|U	{ijt#ijTUgut|^_ﬀU
D
 )Kb&ULUt<
4WV 6Z>v68sﬂﬁﬃﬁﬂﬁﬂy6w A@MsI!{ijt#ijTUgut|^_ﬀUﬀm±guQSUaQpop{3Ut|{S`cie]SU! 4I3ie]y4!+ﬀ 6Z>v68sﬂﬁﬃﬁﬂﬁﬂy6w A@MsJ[
{Eijt#ijTUg|tu^cU<mCg|QSUaQpoI{3Ut|{S`kij]SU
 
NJ¦QS^kf#Q^cm^cT{EbImumu^cqS`_U'q3UﬀfﬀijlmuUOI

NJ¦ P
\F\
Á]4^^Ë	^
  U 

  R
E  ­n­/Fy-L,£¥K`_guUﬀtu]ijgu^ceU'{St|bpbjw 6
Ug'lmaiem|mulSTUYg|QigO3 5  &ﬂﬁﬃﬁﬂﬁS(L1^¤ ULX4|_e ~8  YP!QSUﬀ]n1betaie`_TbLmFgaij`c`  k 	
 
^g
Qbe`kySm&guQijga4d_e X8> k
D
 T&lgg|QS^cmK^_T{S`c^_U<m!guQEig
D
1	
 
QS^kf#Q8^km^cT{EbImumu^_q`_UL P
n±©    )*- +X Yqfﬀijt#y3 5 >4BX1
B
ﬀ79 3I
D
	  ﬂ	4ﬁUTHI !
#"V	:
4{ 6!>v68ﬀﬂﬁﬃﬁﬂﬁSy6w A@Ms~ d68Vﬂﬁﬃﬁﬂﬁﬃ6w A@.VI!Z
9(3II 
 !T8ﬁ#/ 
	 :2S3  3I G" 
B
I* V/  
V
 : 3I    
R 	/
 _e ~
   3I 1R 
   rqA~ .J
E  ­n­/Fy- Y nfiet|y 3 5 >1
B
ejg|QSU] 

  >1

bLtG(vﬃﬁﬂﬁﬂﬁﬂ8
B
L  b fbe]EmF^kyUtCguQSUKt#ig|^_bL]ij`
{Eijt#ijTUg|tu^cﬀijgu^cbe]+yU ]SU<yiLm
	 6Ox
C
4|_e68sﬂﬁﬂﬁﬃﬁﬂy6w A@MsI!8y
ie]y`cUgq3U	^_g|mx^_T,ijdLUe

beguUag|Qig#I8^kmg#ij¡LU]mFlEf#QguQijghguQUYijq3beUaT,ij{{S^_]d§^cmxyUE]SUﬀy1ij]Ey
bLqmuUt|eUKg|Qig&guQU\{Eijt#ijTUg|tu^cﬀijgu^cbe]4|_e6

ﬃﬁﬂﬁﬃﬁS6
 A@.
IZ^cm!U<rLlEij`3gub4

 6Z|CP!QSUt|UbLtuUW4

 6Z
ySU]SU<mij]^ctut|UﬀylEf^cqS`_U'mulSqp¦ietu^cUgwobj
D
@bet|UbeUﬀtﬀL^gK^kmKf`_U<ijt&guQijg
	 6>
u
	#4

 6!
u
	# 6>y
QUt|U+g|QSU t|mFg,^_]Ef`clmF^cbe] ^kmbeqpp^_bLlmYq3UﬀfﬀijlmuU B 
B
e&ij]y guQSUmuUﬀfbe]y ^_]f`_lEmF^cbe]Obe`c`_bKm
t|beT 
 
 6"I!Xkg	W 6*u )KU]EfU	# 6> 	W4

 6ZuP!Qplmbe] bL]SU,Qij]Ey1>i	 f
~ 
B
 O
ie`g|Ut|]ig|^_LU`coeIguQ^cm!^km!beqg#ij^c]SUﬀy8qpo+ieyij{g|^_]SdVg|QSUa{St|bIbebjguQSUa{tuUﬀI^cbelEm±`cUTT,iS )hU]fUe 
D
ie]y guQSUﬀtuUbet|U 4

 6!^cmait|U{iet|ieTVUgut|^_<ig|^_bL]bj4 6Z| [x] g|QSUbjguQUtaQie]y1M4

 6!K^cm'{St|be{3Ut
mu^c]fU'^_gK^cm!g|QSU	fbLT{EbImF^_gu^cbe]8bj${StubL{EUﬀtT,ij{S{S^c]SdImP!QS^kmfbL]f`clyU<m&guQSUa{St|bpbjw P
Ug±]plST` ij]y,ySU]. mwg#ij]yVbLtCg|QSUh]plSTUt#ig|bet@ie]y§yUﬀ]SbeT^c]ig|betCbeiat#igu^cbe]Eij`U {StuU<mumu^cbe]
t|Uﬀmu{3Uﬀf/g|^_LU`coeSie]y 2 ?F bLtguQU'm|rIlijt|U¢¤t|UU\{ijtugbji{3be`cop]SbeT^kij`¤
n±©
  
)*- )v0  fﬀijt#y365a(ﬀBg]79 3I=
 3Iﬁ#H 3I 

J  :Tkg6BH{ﬂﬁﬃﬁﬂﬁS(  3I 1
  kﬀFﬁ ]7 R  3I 1
  %ﬂﬃk 	 X
:2:3  3I ]IlT
B
	>j! "ﬂﬃ: X{ﬃiMjz#ﬂ{>AJ
$
Jﬀ Yq B4
B
7  3J {ﬃi%ﬂ'&#(*Vﬂﬁﬃﬁﬂﬁﬃﬂb ":
  
 3J

8
 88ﬂVs2 8q~q  	=rq  3J
   
R 	
~Vﬂﬁﬃﬁﬂﬁﬃ
 A@M rq3 3J  4Rﬂ -8q3 3IH
ﬂ	#_e XQJ
E

­n­/Fy- 2pg|ig|UTU]Ig ,w6xbe`c`_bKmayS^_t|Uﬀfgu`cotubLT guQU6ief/g'g|QigabLt)kD8 5!@

 ~We

fOh]ibj
qlg&

 ~




Pbh{St|beU ,¤W 6±U Et|mFgbLqmFUﬀtuLU$guQijgbLt*k(8 5^gQSbe`kySmguQijg*{ﬃi%ﬂ

|yU].

8>veFY ]yUﬀUﬀy1
`cUglmViem|mFlTVU+guQijgO&ﬂi
ﬂ&uyUﬀ]. ﬀ

 L P!QU]nqpoK,w6/CbL]SU+dLUg#m	g|Qig]plST` ﬀ 
	ﬀyU]
 ﬀj
 
ﬂﬃeP!Qplmﬀ y^_p^kyUﬀm]plSTL V1ij]Ey	yU]
 ﬀ|QS^cf#Q^cmihfbe]Igut#ieyS^cfgu^cbe]'qEU<fielmFU
&iLmKg#ij¡LU] ^c]tuU<ylfU<ybLtuTHY ] guQS^km'mF^_gulEigu^cbe]n`_Ug\lEmaiem|mFlSTUYguQijg&ﬂiM
ﬂ'&#(
sﬂﬁﬃﬁﬂﬁS#ﬂO " 
 Y¡ \. 
Ä
 	
	
ﬀﬂﬁﬃ

 !
#"$ %
 @
ﬂ

tie]yO`_Ug ﬂ

q3Uij] ^_t|t|Uﬀylf^_q`_U86iefgubetbeﬂ ]bjg,qEUﬀ^_]di 6iefgubLtbe\ij]po 


^g|Q ^k
&ﬃﬁﬂﬁﬂﬁ:
B
L
>U§mFQEij`c`@mFQb ifbL]Lg|t|iLy^kf/gu^cbe] Ugﬃ qEUg|QSU,^_t|t|Uﬀylf^_q`_UQpop{EUﬀt|mulStu6iefUyU ]SUﬀyqpo ﬂ


P!QU]nbLt'ie`_TbImwgaij`c` k  nguQSUU{St|Uﬀm|mu^_bL] _eO!^cmaySU]SU<y>q3UﬀfﬀijlmuU&ﬂiM
ﬂ




z bet
({ﬂﬁﬂﬁﬃﬁS8
B
eSij]Ey§g|QSUaU{St|Uﬀm|mF^cbe]4d_eO8C^kmij`kmFb,yU ]SUﬀy8q3UﬀfielmuU&ﬂiM
ﬂ  uyUﬀ].   (
bLtF(4B  ﬂﬁﬃﬁﬂﬁS ,]bjguUhguQijg±bLtF BpSyUﬀ]. 

(6/P!QSUﬀtuUbet|Ue{4d_eOGk
D
Cbet|UbLUt<
mu^c]fUﬂ

yS^_p^kyUﬀmﬂ  be]SUQiemKguQijg#4|_eO'P!QIlEm  ^kmxyUﬀ]muUY^c]
D
 2pb8qIo8T&[ﬀbelg m
g|QSUbLtuUﬀT be]U§fbe]Ef`clyUﬀm\g|QigX&ﬂiMdjzﬂ



 LQS^kf#Q ^cm	^_T{3bLm|mF^cqS`cUVq3UﬀfﬀijlmuU{ﬃijz#ﬂ  e
P!Q^cmfbe]f`_lySUﬀm&guQUa{Stubpbew
P
?tubLT g|QSU@ijq3beU$`cUTT,iembe]SUCfﬀij]ayUﬀySlfU<y\guQSUbL`_`cb^c]Sd!guQSUﬀbet|UT betfbeT{Slg|^_]SdKguQSUC^cT{S`c^cf^g
U<rIlig|^_bL]j bj
D


	
©p­  ©  )*- 
 3  3IHR  !
2J	:qS7 
 F3Jﬁ#H 3J 

Jﬀ Yqfﬀijt#y3 5 >1
B
  3I= 3IH
ﬀﬂﬁ 

 QRS2 %
 8q
D

 
]plST`
 
B

 


ﬃﬁﬂﬁﬃﬁﬂ8
 A@M
I!8
9(3J I 
  ZT ﬁ#ﬂ L
	 :2S3  3J a
 
B
IK V   H
$
1  3I8   
R 	:

_e ~  yUﬀ].   
:J
$
Jﬀ Yqfﬀijt#y3
5
>4B }
B
 ﬁ# 
O  > 2 ?F{ﬃiM6]plST` 
&#(

B

&#(

ﬃﬁﬂﬁﬂﬁﬃF]plST` 
 
B

 
8yﬁ
K.3J= 3J-
  ﬁﬃ

 QRﬂ2 !
 rq
D

 
O  
&ﬂi

O
 ]@M






ﬁ
E

­n­/Fy-U2Ig#ig|UTU]Ig ,wV6be`c`_bKmCtubLT `_UﬀTVT,iaE &YqEU<fielmFUKguQSU\T,ij{S{S^c]Sd~4

 6!$^cm±Uﬀm|mFUﬀ]Igu^kij`c`_oguQSU
dLt|ie{SQYbe*

ﬂﬁﬂﬁﬃﬁﬂ
 A@.
(x
C


ﬂﬁﬃﬁﬂﬁS
 A@.
K
 


ﬃﬁﬂﬁﬂﬁﬂ8
 
I!8|Lmubhg|QSU^_T{S`c^kf^_gCUﬀrIlig|^_bL]^km$de^ceUﬀ]
qpo,g|QSUa]plSTUt#ig|bet!bj>! 
B
~ "ﬀﬂﬁﬃﬁﬂﬁﬃ8! ]@MﬀI!u 2Ig#ig|UTU]IgH,£W16±be`c`_bKm&t|beT `cUTT,iV  P
	8©
 
)*--   3J 
NMRﬁ 7 
 
 3:TO2Iﬂﬁﬃ
ﬁUT 3J .{ﬃiMdO




v&J  L 31
 Q79	  3J
#Jﬀﬂﬁ# ﬁ#ﬀ9J
?tubLTguQSUﬀbet|UT <,bL]SUVfﬀij] ySUt|^_LUij] ^_]pLUt#mF^cbe]A\pqiemuUﬀyie`_dLbet|^g|QST bLt'^_T{S`c^cf^g|^_ﬀ^_]d8Qpop{EUﬀtF¢
mulStu6iefUﬀmﬀ3dL^_LU]L4 ij]y_ Ybet|UY{St|Uﬀf^cmuU`coe&U Et|mFg'fbeT{Slg|UVie`_`g|QSU 

ie]y*3
5
	xU{3U]y^c]Sd
bL]+g|QSUa`kigFg|Ut m!fﬀijt#y^_]Eij`c^gwo,&U'be`c`_b guQSU	fbet|tuU<mF{3be]yS^_]SdVfiLmFU'bjguQSU	ieqEbLUhg|QSUbLtuUﬀT Y gK^kmij`kmub
{3bLm|mu^_qS`cU'gub,lEmFU'6iLf/gubLtu^cﬀijgu^cbe]nQi¦p^_]Sd,fbeT{Slg|Uﬀyi,mu^_]SdL`_U

{tubp^kyUﬀy+guQijgW

k 3
5
&P!QSU	]SU Ig
gw&b,mFU<f/g|^_bL]m&^_`c`_lEmwg|t|ijguU'guQ^cmy^km|flm|mF^cbe]
\F\
Á]4^^Ë	^
  U 

  R
  
*8
 ﬂK8Y+ﬃ>8
ﬃ	 ±
P!Q^cm!muUﬀf/g|^_bL]8ie{S{S`c^_U<m@g|QSUaijq3beUxtuU<mFlS`_g|m±g|b/&j¢ yS^_TU]EmF^cbe]ie`3mulStu6iefUﬀmﬀLQS^kf#Q^cm±guQU\TbImwgKfbLTTVbL]
ie{S{S`c^cfﬀig|^_bL]n >U+mFg|ig|UguQSU+{StuU<f^kmFU§ie`_dLbet|^g|QST^cfmFguUﬀ{mOmuUU,UL dE .ﬃG3^_{ﬂ0 &5CbLtaguQU+fbLTV{`_U p^_gwo be
fUtug|ie^_]qiemu^kfxbL{EUﬀt|ijgu^cbe]mﬀ
Y 1&U&^kmuQg|b'lmFU!6iLf/g|bet|^_<igu^cbe]^g@mulI+§fU<m$gubafbLT{SlguUKiamu^c]Sde`cUA

ImFlf#QguQEigG

k 3 5 $P!QU]n
ySUﬀf^ky^c]Sd\QS^cf#Q6iefgubLtt|U{St|UﬀmuU]Ig#m*j ^cm^cTVTU<y^cijguU!qpo'g|ie¡I^c]Sd'muieT{S`_U!{3be^c]Ig|mguQijgTie¡eUzj ij]S^kmuQ
ie]y	Q^cf#Qn^c]YdLU]SUﬀt|ie`£¦^c`_`p]SbegT,ie¡eUCg|QSU!bjg|QSUt6iefgubet#m¦ie]S^kmFQn?2plf#Q{EbL^_]Ig|m$ietuU±Uﬀiemu^c`_o'beqSg|ij^c]SU<y
qpo'mF{3Uﬀf^cie`_^c^c]Sdg|QSU@{Eijt#ijTUg|Ut#m1^_]X4 6I|FY ]Y{St|iLf/g|^cfUeﬀ6ief/g|bet|^_<ig|^_bL]aTi¦oxqEU±{St|UUt#ijq`_Ug|bKg#ij¡p^_]d
Z	&\m\ij]yg|QSUm|rIlijt|U¢¤tuUﬀUa{ijtughbe$TlS`_gu^c¦ietu^kig|U	{3be`coI]beT^cie`cm$OEguQS^kmhq3UQEi¦I^cbeth&iLmtuUﬀ{EbLtFg|Uﬀyqpo
2UqiLmwg|^_Uﬀ] T&^km!be]>ij{`_U@p
Y ] g|QSU>t|UﬀmFg+bj'g|QSU muUﬀf/g|^_bL] ±U USijT^c]SUguQSUfiLmFUg|Qig8ie`_`hguQSU(

ietuU>i¦ij^c`kijqS`cUe > QSU]
B`^£ UenguQSUﬀtuU,ijt|UVgw±bij`clSU<m'bj k,{]]Vmulf#QguQEig	 
m|i¦o S1guQU] ±U
ie{S{S`comFg|ijguUﬀTVUﬀ]Ig ,w6bj$g|QSUbLtuUﬀT E <S!P!QUfbLT{Slg|ijgu^cbe]>ieTVbLlS]IgKgub ]y^c]Sd,g|QSUY]plSTUt#ig|betKbe

-
B

-
  8 + I!C^c]8g|QSUa]Sbeg|ig|^_bL]8beg|Qigg|QSUbLtuUﬀT
Y ]g|QSUfﬀiemuU'guQijg&BO  3 5 ]eeE`_Ugxlmxiem|mFlSTUYiLmKq3UbLtuUag|QigO ﬀO+

H.+
-

H
-

?^ct|mFgﬀL±Ut|UﬀfbeUﬀtcO XQS^kf#Q,^km$g|ie]Lg#ijTbel]Lgg|bYfbLT{Slgu^c]Sd-2?{ﬂi.6]plSTL +
B
/+su]plSTL 
-
B

-
8±bLtﬀU<rIlS^_ie`_Uﬀ]Lg|`_oLI{ﬃi!2?z£]plST` O+
B
/+s8y2?z£]plST` 
-
B

-
8u 2p^c]fU'g|QSUYfbLT{S`_U ^gwo§be
g#ij¡p^c]Sd,murIlietuU¢£t|UUx{ijtug|m!^km&guQijgKbj$i&ﬂibe{3Ut#ig|^_bL]npqEbeguQTUg|QSbySm!Qi¦eU\g|QSU	muieTU\&bet#mFgF¢ fiemuU
iLmFopT{g|bjgu^kf	fbeT{S`cU^gwoL T±lSghguQU	bet|TUthmuQSbLlS`cyq3U	6iLmwg|Utxbe]guQUi¦eUﬀt|iedeUL^C&UYfbLT{ijt|U'guQSU
`kiguguUﬀtKmwg#ijdeU<m!QSbLmuUafbLTV{`_U p^_gwo§^kmybeT^c]ig|Uﬀy1±P!QSU'be{3Ut#igu^cbe]Em!tuU<rLl^_t|Uﬀy+gubt|UﬀfbLUtzj}t|beT 
^c]f`_lySU+fbLTV{lgu^c]Sd&ﬂidO


xie]y y^cI^ky^c]Sd>bLlg	guQUﬀmuU{ﬃi  m	tubLT V Y ] {St#ief/g|^cfUe±U8mwg#ijtug
^_guQg|QSU


be$muT,ij`c`_UﬀtyUdLtuUﬀUepbeta({
Y ],g|QSUhfﬀiemuU!guQijg7B 365W,S 


1

G(v]zU<fbLUt|^_]Sd~j t|UﬀrIlS^ctuU<mt|mFg±fbeT{Slg|^_]Sd

?
 2?{ﬂi.6]plST` 

B


yF]plSTL 
+
B

+
yF]plST` 
-
B

-
8|@P!QS^km±t|UﬀrIlS^ct|Uﬀm!WX&ﬂi§bL{EUﬀt|ijgu^cbe]m
^_guQ{3be`cop]SbeT^kij`km!bj9&ietu^kijqS`cUﬀmﬀpguQU]g|ie¡I^c]Sd,i,m|rLlEijt|U¢¤tuUﬀUx{ietFg<CP!QSUabe{3Ut#ig|^_bL]m&tuU<rIlS^_t|Uﬀy+gub
t|UﬀfbeUﬀtj}tubLT ^_]f`_lEyUafbeT{SlSgu^c]Sd{ﬃidO


@ij]yy^cp^cy^c]SdbelSgguQSU<mFU{ﬃiﬂ m&tubLTV
>Uafbe]Ef`clyU\guQS^kmmuUﬀf/g|^_bL]+qpo§mulSdedLUﬀmFgu^c]SdmubeTUxlStFg|QSUt!g|Uﬀf#QS]^crIlSU<mpQS^kf#Q8T,i¦o,q3U'lmFUlS`1^c]
{t|iLf/gu^kfULZ\^ceU]Y{EbL`_op]SbLTV^kij`]j

ﬂ &U±fﬀij]	fbeT{Slg|U'qpo'mFlEffU<mumu^ceUC{ietFg|^cie`Ly^ GUt|U]Igu^kig|^_bL]
beGjUe dbIj{j

@M
}j

ﬂEQUt|U~ ^kmhij]po8bj$guQSUVmFltF6iLfUaijt|^cieqS`cUﬀmﬀij]y §yUﬀ]Sbjg|Uﬀm
g|QSU!{ijtugu^kij`SySUt|^_ig|^_LU±be3ie]IoY{EbL`_op]SbLTV^kij`  ^g|QVt|Uﬀmu{3Uﬀf/g$g|b T&oag#ij¡p^c]SdamuieTV{`_U!{3be^c]Lg#m$be]guQSU
mulStu6iefUep±U'fie]8f#QSU<f#¡L^_guQQS^cdeQ{StubLqijq^_`c^gwoLLQUguQUtmFbLTUx{ietFg|^cie`1yUt|^_ijgu^ceUhbe(ie]S^cmuQSU<m
g|QplmfbL]f`cly^c]SdVQSUg|QSUt^_gKfbe]Ig#ij^c]mzj iem!iY6iefgubet!bLt&]bjgﬀCP!QU'muT,ij`c`_U<mwgyUﬀtu^cigu^ceUxguQEigKybpUﬀm
]bjgxie]S^cmuQ>dL^_LUﬀmlm'bet|UbLUt<guQSUY6iefgubet|^cﬀig|^_bL]bjg|QS^cm\yUﬀtu^cigu^ceUYde^ceUﬀmhlmﬂ ij`cbe]Sd,^_guQ
beguQSUﬀtK6iLf/gubLt|mﬀij]y>i8mFlqmFU<rIlSU]Ig'Z	& fbeT{Slg#igu^cbe] fij] tuUﬀTVbLUﬂ t|beTVaP!QSUY^c]IguUt|UﬀmFgxbe
lEmF^c]Sd,yUt|^c¦ijgu^ceU<m±^km!g|QigK^_ghmFQbelS`ky+q3Ua`cUﬀm|mfbLmFgu`co,g|b6iLf/g|bet|^_ﬀU\^_gguQEij]6iefgubet|^c]SdbV
 
Yﬂﬁﬃ
$&%
('!
© 
-/  ﬁ#RHsT  I %
#"V	:ST
4d6

y6
+

?
d6

y6
+
IA6

 J:6
+
ﬀVZﬁ
 Y¡ \. 
Ä
 	
	
ﬀﬂﬁﬃ

 !
#"$ %
 0
   
ﬂ	 
 _eMs.+{8
-
X ﬀ8.+ R s8/+
-
  MV.+{I& NJQ/+)V:JKM3&2JQ7
fﬀijt#y3 5 > X1
B
AJK.3JqS7U	1ﬂﬁUT
AN: 3I

J:R3JL 3J  3J3
ﬀﬂﬁ 

 QRS2 %
8
 

-
4I&M  J:.+ ﬀJ
T&o+lEmF^c]Sd§ij{`_UL±U'Qi¦LU\U SijT^_]Uﬀy+guQSU'bL`_`cb^_]dU ieT{S`_U<m
$&% ('! ©*)*-/  ­"' _®	  ﬂTﬁﬃ
 1Q7 Iﬁﬁ#ﬁ    3I 
-
  1
 Q7 sT -1;  	 
4d68V6,+ﬀ
?

d6
+

y6
-

6,+cy68V6,+k Iﬂﬂd
9(3I  
	-	  
&N^9 s2Iﬁ  
_eV.+{8
-
> 
.+
 
8
-

4|_eﬀ8/+ﬀ
-
8> 

+
+

+


/-
+

-

8
-


 9  M 

j1&ﬂi£]IlTL 
B
  u]IlT +
B
 + 8(
+
+
B

-

ST 	ﬀ!2I !
&N {ﬃijzj
+
QJ - H 3I U  q1 -8q  3J&


/ﬀT:	1I	 1ﬃJ
$&%
('!
© 
-po   I !
#"V !
bq  3J 
/4
RﬁF Z3J-
 
4d68V6,+ﬀ
?


6
+

B
6
+
+
B

6
+

}6
+
+


68
6
+

56
+
+


ﬀ68S6,+
6
+

 6
+
+


68V6,+k  IﬃS|ﬁ
ﬀ 
	
=/  
&N 
 
_e

8
+

-

?




1
/+


-
.+

ﬁ
K.3I
 
M
+
 (M 1
B

-
+aB
.+
+
M
+
 (M 1  
-
+
 .+
+

z ﬀ/+
M
+
 (M 1  
-
+
 .+
+

s
-
M ﬀ
M
+
 (M 1  
-
+
 .+
+

T
ﬁ#

B





ﬀ




+
B
 
-
+
 
+
+

 
+




+
B
 
-
+
 
+
+

8
-




+
B
  
-
+

+
+

   3I &ﬂi rq ZT 3JH 31   	
~T
ﬁ# 		 %ﬁ TXj1
+

-
+
 .+
+zB
&J
$&%
('!
© 
- +ﬀ=#M  ﬁ#9 
 3  4
ﬂ  
4
?



68 }6,+
+
6,+ }68:6,+{6,+ }68
+

ﬁ
K.3IZ7
_5a
B
M
+
/+
B

-
:.+
+
GQ/+ﬂ
-
B
(
+
.+ﬃ
-
B
c
-
+
.+  (
-

+
/+
+*B
M -  (
-
+
M
+

\F\
Á]4^^Ë	^
<  U 

  R
/+
+

-
+
B 
MK-S/+ ^M  (
-
 -* (M
+
/+
+
B
S.+  (
-
.+
+.B
(/+:
-
^.+
+
^
-
+
B 

-
M
+
B
G   +
+ B
  
-
+

 
   +
-
B

-
+
 
-   
 ( +
B
 +
+
   
-
B
 
B

-

+
? 
_ + 
/+ﬂ
-
B
(:.+
B

-
M
+
 .+
(/+
B
/+
+
 :
-
B

B

-
ﬁ
ﬀﬁﬃs7
 a
 
 + 
B

 + 
-
B
(   +
B

-
  
+
  + c

 
+
 +
B 

-
   +
+

 
   + 
-
B
(  
-
B
( 
+
 + 
-
B
c
-
+
 +  (
-
 
+
 +
+

 
 +
-
B
 
- 
-
+
 
+
  +
+

-
+ B 
 
-  +  
  (
-
 
-  ( 
+
 +
+ B
MQ/+
B
M
+

 
MQ.+' c.+ﬃ
-
B
c/+
+B
(
-

+B
ﬃcMy.+
+B
.+vS
-
+

 
:.+>-
B

-
+
 -ﬀA  
 (/+
B
/+
+
MQ
-
B
M
B

-

-

 

-

 
..+6-S
+

 

-
S.+
+ B
	
M
+
.+ﬂ
-
(/+:
-
+
M
+B 
G.+
+
:
-
+
c
-
-Sﬂ/+
+

 (
-

+
.+  G
-
Mﬂ.+
+
B
 (
-
-
S.+

B
 ﬀ
-
-

-
.+
+
B
 c
-
+

-
/+

ﬀc
-
+
M
+
.+

B


ﬃ.+ﬂ
-
+
B
].
-

+
.+
+
 cMﬃ.+>-S
-
B
 cﬂ.+
+

-
+OB 
. -S.+ﬂ
-
B

 
ﬃ
-
.+
+B


Mﬂ/+ﬂ
-
- 
cﬃ/+S
-
+
ﬀc -ﬂ/+ -ﬃ
-
+

 

-
MQ.+>-
B


ﬃ/+S
-
B
sG
+
.+


-

	
c
+
.+ﬂ
-
B
{c -S.+>-S
-
B
Z..+ﬃ
-

B
M -S/+
+

-
+


M-ﬂ/+
+

-
B
{..+S
-
ﬂ
+
(.+S
-
ﬃ (.+ﬂ
-
ﬂ -  

.+S
-
-S - 

 
.+S
-
-S
B
(/+ -S
-
-ﬃ
+
 

/+


-
M
B
 c.+ -S
-

+B
 (.+S
-
+
 -
B
]
.+:
-
-ﬂ
+


 
.+S
-
 -
B  
/+
+

-
-ﬂ (/+


-
+

B
 c.+ﬂ
-
+

B
 (/+ -ﬂ
-
+

+

 
/+ -ﬂ
-
-S 
 c
+
+

-
-ﬃ

+
  


+
-ﬃ
-
+


 ﬀc

-ﬃ
+

-
B
ﬀc


+

-
B




ﬃ
+
-S
-
+B
(


+

-
+

 



+

-
-
B



-



+
- 
 

-
-S

+

+
	 c
-
+


+



-
+


[
+
  
 

+
+

-
+!B


-S
+
b
-


- 



+

+
+
B
ﬀG


+

B 

-


-

+
 
 

-




+


 

-
+


ﬂ
+
+

 

-


S
+
+
B 

-
-


S
+
+


(
+
+

-
+


+FB

 

-

+
- 
 

-
ﬃ

+

+
+

	

+

B
 (


+
-
B
G
-
+


-  
-
ﬃ

gﬃc


-
+



-
ﬃ


B 

-
ﬂ


+
ﬂ
-
 c


+
+"B
c


+
B
c


+
-  c

ﬂ
+

 



-
B
(


+

B
c


-
+
B 

-
-ﬂ

B 
K-ﬃ.+

`
+
.+ﬀ
B
c
+
.+

B
(.+


-
+
M
B
(.+
+

-
ﬃM
B
(.+
+

-
ﬃM - 
G

.+ﬃ
-
+.Bﬁ 
Q.+


-

 
.+ﬂ
-
-  ]
.+
+

-
-
B
(/+ -S
-
-
B

	
.+ -S
-
+MB
(/+S
-
* ]
.+ﬃ
-
+MB
I..+


-
B
c.+


-
+
ﬁ>/+


-
B
.+


-
B


MK-ﬂ/+
+
 Gﬃ.+
B


K-ﬂ.+>-
B
 (M
+
/+

 
	
Q.+


 (
+
/+
B

 
My.+

 (Q.+

B
{.
-
-ﬃ.+
B
>MK-S
-

B
(My
-
  c
+

-
  

Mﬂ
-
+
O{.


-

I.ﬃ/+
+
m c -S.+
B
cMﬃ
-
B
ﬂ(


-
+
mﬃ>


-
-
B
 Gﬃ
-
-  I

+
.+

B
 (M

.+ 
c
-

-
-
 GQ
-
-
B
(M
+

-
-
 

/+


-
B
 (.+

/+  c
-

B

B
/+ M
B
c

Mﬀ
B
c

/+
+
ﬀG

.+  {cﬃ/+ - 
 
M -ﬃ.+




-
[.+
+GB 

-
ﬂ/+6-
B
 (


-
B




ﬃ
+
 




+

-
  
 (
+
B

+
+
 


-
B


B

-


ﬁ
0 R	 8
5
 ]]= 8 3Jq ﬁUT  3J 	 =   3M
  4Rﬂ W3I:  	  

ﬂ : 		s2Iﬂ |JbK.31
 XT
ﬁ#H 
j
B 

+
.+  (
-
S.+
+
B
M:/+ﬂ
-
B
M:
-
 c/+
-
 
-
B

-
+

+
B  

-
.+
+
 
-
-
S.+ 
c
+

-
B
c
+
+aB
c
-
+
 (
-


+
 (


+
+zB

+
{ﬁ
  L
 :
  %
AN       3J ﬂ
+

B


B

+
 


+zB



+
B


B
 ﬀc
+
B

+
+
  
ﬂ
-

B
c
+
+cB
ﬃ>


-

+
 c
+

-
B

+


+cB



-
 c


+
+
[c
-



+
+(B

-
+
!>
-


+



-
B 

-
+


+
 (
-

+
+

+
-   c

+

-

+
B  

-

+
-
B
(
+
-ﬂ

B
c
+

-


-
B
c
-


+

+
+FB
 Y¡ \. 
Ä
 	
	
ﬀﬂﬁﬃ

 !
#"$ %
 L
M
+
 (M -S/+
+

-
 c:.+ 
 
MQ
-
+ B
(
B
 c
+
.+
+WB
(
-
M - 
 

-
+
M - 
 -ﬂ.+ 
/+[
-
 (M -S/+
+
 (M
+
.+>-
B  
ﬃ.+
B

+
/+  (Mﬃ
-
B
ﬂ
-
+
  7(3IRH 3I
z&ﬂi 
 
ﬂ &J
$&% ('! © 
- )K.3Jaqﬁﬁ#s9 
AN J  ﬁ# Q3Js9?  3I 
`NM ﬁ9R /ﬀT  		  ^2J ﬁﬁ98qH 3J
	 4Rﬂ  	 4R
&N8 98 5 2Iﬁ 	-
 :2

Q7q/ 4 !
ﬂ2Iﬁ#	1ﬂﬁﬃ
	 !
Z7  8M 
 
Rﬂ %
V
ﬁF2Iﬁﬃ !
 ﬂﬁ  8q3 3IH
ﬀﬂﬁﬃ

 QRS2 %
4ﬂJ94
 H 3JH:2IYq 	 4 !
#"V !

4d6  y6 + >

1
	

 

B

B



 



- ﬀ

+ B
  
+

 
+

 
+ B

  

 


Z
B
 



+

ﬀ  ﬂ	
Oq  3J-
	/rq4 
 #_eMV.+{8
-
(|_}VQ_ +s9(3J
_  
B

@

@.
ﬀ
(

@

(
 
@

(
C+
ﬀ
@
ﬀﬁ
(*+
ﬃﬂﬀ
@
ﬀﬁﬀ
@
ﬀ 
(
+
ﬃﬂ
@M!
   
(
- 

@
  
(
  
(

  

 
@
    

(
   
@
    
(
 

_ +W
B

B
#"

ﬀ$"

%"'&)
 
"

" &
B
"

" &
B
{("

+aB! 
" &
+
ﬀ$"'&$"

+ B
#"

+
"


 
"

+
"

"'&
B
[$"

"

ﬀ$"

+
B
#"
&
#"

1)"

+
"

B 
"
&
"

+
*"

"
&
B
)"

"
&

 
"
&
+
ﬁ
  "2I %
AN VKO+ﬀK
-
   S3J	 V  3I ﬃ3
5
,+ R
&ﬂi6]plST`

B


F]plST`
+
B

+
yF]plSTL
-
B

-
(g

 
+
+
 
+
+


B

-
 3J 
 H 3JH
  ﬁﬃ

 QRﬂ2 !
Z7U:2I 
&ﬂi£]IlTL
+
B

+
u]IlT
-
B

-
8>v
B 

-
B

+



+
+
y


+
+
 
+
+


B

-
ﬁ
$&%
('!
© 
-   	4
1H 3J I %
#"V !

4 6Z(6
-

6
-
+
y68  6
+
+
ﬁ
  3
	 	  # 	 
_

"

+
"
&
-
B
$"
&
- "

+
"

B
$"
&ﬂ
"

*"
&
 B
"

+
"

+zB
)"

."

B
"


" &
+

B
"

ﬀ)"

+
/" &
-

+

"


0"

*"

+
 )"
&
-
" &`
B
"

 )"

+
/"'&
-


   sO+
-
ﬀ
 

B


B
"

+
" &:- $" & -."

+
"

 )" &

"

B
" &

/"

+
"

+
 )"

."

/"



-
"
&

1"

B
$"

+
B
"
&
-



B
"

-
0"

/"

+
 )" & -
-
"
&
-
0"

B
)"

+
B
"
&
-

-
"
&

ﬁ
 
RﬁﬁUT:	 "2I %
ANX&ﬂi6]plSTL
B
 VF]plST`.+
B
O+ﬀ83 N1 %3 3JH
  ﬁﬃ

 yRﬂ2 !

"

-
 %"

+
"

+
 $"


"

2"


B
$"

+
"
&
-
 I("
&
-
"

+
"

B
$"
&
-
"


 $"
&

"

 $"
&

"

+
B
"
&

\F\
Á]4^^Ë	^
¦W  U 

  R
  
Y8 &ﬃ +Y
P!QUaTVUguQSby>ySUﬀij`km^_guQ^cT{S`_^kf^_gu^cﬀijgu^cbe]^c]ijt|qS^g|t|ietuo8y^_TUﬀ]mF^cbe]ie]yQij]Ey`_U<m!guQUYfiLmFUabe$qEiemuU
{3be^c]Ig|m!^_guQSbLlghij]po,Tby^ Efijgu^cbe]n9>U'{S`cie]gubVlS`c`_ofbeT{ietuUxguQU\{t|iLf/gu^kfie`nfbLTV{`_U p^_gwo,bjguQ^cm
ie`_dLbet|^g|QST gubg|QigbebeguQSUﬀt^_T{S`c^cf^g|^_<ig|^_bL]TUguQSbySmﬀ
UghlmKbflmhbe]L  §ie]y BeU> UQi¦eUafbe]mu^cySUt|Uﬀyij]SbeguQSUﬀtKTUﬀie]mbLthfbLTV{lgu^c]Sdj
qpo+ie{S{S`cop^_]Sd,ilS]^_ijt|^kiguU't|UﬀmulS`_g|ij]Ig<qSlgK^_guQ]SbVbet|T,ij`1{St|bpbjoeUg< nUgKlmlmuU

ﬀ6,+I!>
4

|_eMsy6,+s8cg

beta( ]	g|b,U`c^_T^c]ig|U~6,+'qIo§g|ij¡p^c]SdVguQSUat|UﬀmulS`_g|ie]Lgbegw&b{3be`cop]SbeT^kij`km
zU<m

d.+ﬀyU].O+{6,+s
B
]IlTO+ﬀd6,+ﬀ
-
yU].
-
d6,+ﬀ
B
]IlT
-
d6,+ﬀ8Z
^_guQ8tuU<mF{3Uﬀfg@g|b6,+jCP!Q^cm±op^_Uﬀ`cySmjbe]EfUh&Uh{tubLUa4

^km&{St|be{3Ut<9[x]SUxT,i¦oVlEmFULT±[ﬀbLlg  m@T,ijgut|^ 
bLtYfbLT{Slgu^c]Sdg|QS^cm	tuU<mFlS`_g|ie]Igﬀng|Qplm	t|UﬀylEf^c]SdguQSU+rIlSU<mwg|^_bL]gub^c]Lg|Ut|{EbL`cijgu^c]SdguQU§yUg|Ut|TV^c]ie]Lg
^c] W§¦ietu^kijq`_U<mh¥h]po¡p]Sb`cUﬀySdeU	bL]guQSUVyUdLtuUﬀUﬀmhbjj ^c]guQSU<mFUijt|^cieqS`_U<mKT,i¦oQSU`c{>^c]>bet#yUﬀtKgub
iLffU`cUt#iguUxguQUa^_]IguUﬀtu{3be`kig|^_bL]npqpo8i¦ebL^cyS^_]SdVi,fbLTV{`_UguU`co+yUﬀ]muU\^c]IguUﬀtu{3be`kig|^_bL]n
$&% ('! ©*)*-/  ­"' _®	 0  2J  ﬂﬁ T  3I M-
1	JK.3JI7
4




-
>v
I
+

+


I -

-


-

 9  	=  - 3J-:2Iﬁﬃ ﬂ 
	 
sM
+

B
I
+
8/+
-

B
I
-
( I


-

B

+
+
y
9(3M
:3  ; R  3JH ﬂTﬁﬃ
 
	ﬁ 
 dTJﬂ ;R 3J I		
%
ﬁﬃ
 dT 
    	4
1
4>+{
-
>v

+
+
I
+

>-
+
I
-

-
 	 


M I
+
B

+
+
8/+6I
-
B

-
+
( I


-

B

+
+
ﬁ
   ?E,8 C ﬃYﬂKY"
P!QU t#mFg&ijlSguQSbLt±QiLyt|lS^gulS`ny^kmuflm|mF^cbe]m@^g|Q 2UqiLmwg|^_Uﬀ] T&^cmﬀij]y,!iem±{ietFg|^cie`_`co,mFlS{{EbLtFg|Uﬀy,qpo
g|QSU Y

z Yw¥ 2pbe{QS^cij¢ ¥h]Igu^c{EbL`_^km' [ ?[\z{St|bjvwUﬀfg32JYF>s  2 ij]Ey*?CP [x{3U]ClStubL{EU<ij] sCtubevwUﬀf/g
Y 2SP&¢ WeeS¢ &M< <S<W ,£Z'¥ Yw¥¢ Y Y 6/&P!QSUmFU<fbL]yOielguQbet,!iemV{ijtugu^kij`c`co mFl{S{EbLtFg|UﬀyOqpo \Z;2 s T 0e¢
J@pV&¢F&LW¦¢ SL >bet|¡:be] g|QS^cm§{ij{3Ut§!iem{Eijtugu^kij`c`_o fbe]ySlf/g|Uﬀy QS^c`_Ug|QSU>muUﬀfbL]y ijlg|QSbet,!iem
p^kmF^_gu^c]SdVguQUYZ'¥ ¥x¥h det|belS{ig Y

z Yw¥ 2pbe{SQ^cij¢ ¥h]Lg|^_{3be`c^km
B
!
K+ &
. ¥ﬀ2SS5 ?&¥Kt|^_U<mie]yYz	 2pU]SbLlm|mF^¤¥K] Y TV{`_^kf^_gu^cﬀijgu^cbe]¥h`_dLbet|^g|QSTbetzKijgu^cbe]ie`42plStu6iefU<m^_guQ
]SbT!iemuU\sbL^_]Ig|mﬀE2popTYq3be`c^cf	±bLTV{lgﬀc&SM,J6 &1<1@[\J&
 
<pWjLSe
. T&lm|S5 CT&lmu[ejzU<mF^kylie`ptuU<mFlS`_g|ie]IgbLUtguQSU!{St|bjvwU<f/gu^ceU±{S`kij]SUij]EyaguQU&^cT{S`c^cf^g|^_<igu^cbe]V{St|beq¢
`cUTY ]UV[J   ﬂ "JI!TﬀJ !T ﬁﬃ
ﬀﬀﬁ N1
 9 "2I |Jce{ijdLUﬀmLV\4< <S
WjLSL
 Y¡ \. 
Ä
 	
	
ﬀﬂﬁﬃ

 !
#"$ %
 V&
.Ç±QEZ\bM0LW5 ±QS^_bL]SQ ij]y za  Z\be`kyT,ij]n+xUdLtuUﬀUeTYlS`_gu^c{S`c^cf^gwoLie]y ^c]peUﬀt|mu^_bL] bLtuTlS`kiemxbet
t#igu^cbe]Eij`mFltF6iLfUﬀm'lEmF^c]Sd

¢¤t|UﬀmulS`_g|ij]Ig#m  ﬀ!2I  ﬀ
1	 	 !
 
 NE 0 H0 &¢
ﬀLS$010LWS
.Ç!ZHGL5 p±b 1ezapZ\be`kyT,ij]nIij]y§ JG3Qij]dP[x]g|QSUKij`c^ky^gwobj1^cTV{`_^kf^_gu^cﬀijgu^cbe],qpoYTbp^_]d
rIlieyStu^kfm@bet!t#igu^cbe]Eij`mFlStu6iefUﬀm&^_guQ]SbqEiemuUx{3be^c]Ig|mﬀIJ
!T ﬂJ% ﬀ!2I wJcEW 0,&M6 V0V\
eISSWjLe
.½ZLSﬀ0J@V5 C!Z\be]S	j`cU¢!SUﬀdLiSZY T{S`_^kf^_gu^cﬀijgu^cbe] be	{ijt#ijTUg|tu^kfflSt|eU<m§ij]Ey mFlStu6iefUﬀm,qpo lmu^_]Sd
TYl`g|^cy^cTU]mu^cbe]ie`  U!g|be]8bet|TYlS`kijULIJ
!T ﬁﬃ
  ﬀ!2I  !
3W& c$&J@ﬃ\V<eWSS$010M@
.½Z3Q-GR0e5 Y/½ Z\Uﬀ`6ie]y1    Qaie{St|ie]Sbij]Ey¥Y S9GU`cUp^_]EmF¡poe
H
 
 
R %Q7 	ﬀ:2Iﬁﬃ ﬂ 
RL2Iﬁﬃ !


 ﬁ   
R %/4T&^_t|¡pQjlmuUt<IT&bLmFgube]1$0 0e
. )Kbe6 05 x½ 4)Kb G3T,ij]]n / !
  Rﬁ 
  V ﬁﬃ
&Ne±bLtudIij]:QaielT,ij]S]1$0e10S
. )ﬀ2I>K0M@V5 x½ )Kb G3T,ie]S]n3 zaﬂ2pUﬀ]yt#iSie]y ?±> ^_]S¡p`cUt<   %
 ﬀﬁ NMV
 >2IH 
U1ﬂﬁﬃ
	 %
4/Lbe`clSTUaW &YbeIJ*"Tﬁ 
  ﬀ!2I  !
E@¥fiLyUT^kf'stuU<mumﬀ1$010M@
.½ U0IW5 Eij]bpf#QEiVie]yS&ij]S]poe±¥K`cdebet|^_guQST,m!bLtK^_T{S`c^kf^_gu^c^c]Sd,t|ijgu^cbe]ie`1{ijt#ijTUgut|^cf'mulStF¢
6iefUﬀmﬀ 9 "2I  ﬀ
 	 	/ %
 
 N 0  W1<[\4<jSE$010LW
. sC3242IW5 2s[ﬀtuUﬀ¢ kijLES 2f#QS^kf#QSbie]yS zaR2pU]ySt|i±st|be{3Ut|]SUﬀm|mij]Ey8^c]peUﬀt|mu^_bL]8bet#ig|^_bL]ij`
{iet|ieTVUgut|^_<ig|^_bL]mbemulStu6iefUﬀmﬀ
U1ﬂﬁﬃ
	1ﬁ# ﬀﬁ N1H
 U&N 
 	
&Nﬀ7   O2I
	 !
Z7
R2 ﬀ!2I !
&N

ﬀ7P MJ
$


1WjeIW
. 2SZ'L0M@5 P' >  2pU<yUt|qEUﬀtudEza$Z\be`kyT,ij]n$ij]Ey )Yxln Y T{S`_^kf^_gu^c^c]Sd>t#ig|^_bL]ij`CflSt|eUﬀm'qpo guQSU
TUg|QSby bj'TVbp^c]Sd:ij`cdeUﬀqSt#ij^kfflSt|eUﬀmﬀIJ#"TﬃJ  ﬀJ 7 4	ﬃJ  	Q2   !

ﬀﬁ NMV
 (2IU1ﬂﬁ JcW& cV< &V\@<SS$010M@
.ﬃG3^c{0 &5 za=G3^c{S{3U`¤, P 	 !
 IﬁUT  
ﬁ 	ﬀ!2I  !
 Q'`clp±Uﬀt¥fﬀieyUﬀT^cf slSq`_^kmFQUt#m
T&bLmFgubL]n$0 01&S

	"K	"
/ﬂ'
ﬀ
­
®j
)­' +
o 	8©
!6
©
®
¬Y­

+
+
 	
©
Ł
©

)'ﬁﬀ )
)ﬂ
('!
)

)

)ﬃ

)­"' ­/F! ª
'
©
Ł
F

© E

©

)"ﬃ

)­'
Ł


 	

©p©
®
)

©A'
Ł
)­"'
 ! Ł n
F
S
©
Ł #
 $&%
('!
©
Ł #
\F\
Á]4^^Ë	^
ﬀ  U 

  R
 
­' ! Ł )­' /]o
 Y¡ \. 
Ä
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
